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© Ceramic-coated metal sheet 

© A ceramic single layer-coated metal sheet which is decorative and of high weatherability. comprises a metal 
substrate and a transparent ceramic layer formed on the metal substrate by a dry process such as physical 
vapor deposition or chemical vapor deposition, said transparent ceramic layer having a thici<ness of 0.05 to 5 
um and a refractive index In the visible region of at least 2.0. A ceramic multiple layer-coated metal sheet of like 
properties has a colored ceramic layer between the substrate and the transparent ceramic layer, the colored 
layer being fonned of at lest one material selected from the nitrides, carbides and carbonltrides of Ti, Zr, Hf, Or, 
Nb and Al and preferably having a thickness of 0.1 to 1 tim. 
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CERAMIC-COATED METAL SHEET 

The present Invention relates to a ceramic-coated metal sheet which Is decorative and of high 
weatherability and can be used as decorative material, interior material, construction material, automobile 
material and the like. 

With development and maturation of techniques of electronics, a dry coating process such as physical 
5 vapor deposition or chemical vapor deposition has been practically utilized for the surface modification of 
metal materials. By dint of the progress of this technique, it has become possible to obtain ceramics-coated 
metal materials provided with such functions as weatherability, abrasion resistance, decorative property and 
far infrared characteristics, which could not be obtained by the conventional wet process represented by 
plating. However, this technique involves serious economical problems In that it is not suitable for mass 
10 production, the running cost is large and the apparatus is expensive. Therefore, the dry process cannot 
successfully replace the wet process on an Industrial scale unless especially excellent performances or 
functions are attained. 

In the field of decorative materials, a gold-color decorative coating of TiN is almost the only instance of 
successful industrialization while reflecting the recent trend toward high-quallty products. For decorative 
15 coating, the color of which Is utilizable, substances other than the above-mentioned TiN showing a gold 
color are hardly known. Accordingly, it is very difficult to provide a variety of colors, and only a few colors 
such as gold, black and grey are attainable at the present. 

A variety of colors can be produced as so-called interference colors, namely by utilizing the Interfer- 
ence of light (see. for example, Japanese Patent Application No. 54-66385 and Japanese Patent Application 
20 No, 54-85214). In the case of an interference color produced by an oxide or nitride of aluminum or silicon, 
which are customarily used, the color changes greatly according to the viewing angle, and furthermore, 
since the range where the hue can be controlled by changing the thickness is narrow, the usefulness of the 
product as a decorative article is very low. 

The present Invention provides a coated metal sheet having an excellent decorative property and a high 
25 weatherability. in which by laminating a transparent ceramics having a high refractive index on a metal 
substrate or a colored ceramics layer formed on a metal sheet and greatly changing the hue of the metal 
sheet or colored ceramics, the variety of colors can be increased and the above-mentioned problem of the 
extreme change of the color according to the viewing angle can be solved to some extent. 

In accordance with the present Invention, there is provided a single ceramic layer-coated metal sheet 
30 having an excellent decorative property and a high weatherability, comprising a metal substrate and a 
transparent ceramic layer formed on the metal substrate by a dry coating process such as physical vapor 
deposition or chemical vapor deposition, said transparent ceramics layer having a thickness of 0.05 to 5 um 
and a refractive index in the visible light region of at least 2.0. 

Furthermore, in accordance with the present Invention, there is provided a multiple ceramics layer- 
35 coated metal sheet having an excellent decorative property and a high weatherability, comprising a metal 
substrate, a colored ceramic layer as the first layer adjacent to the substrate, which is formed of at least 
one member selected from the group consisting of nitrides, carbides and carbonitrldes of at least one 
element selected from the group consisting of Ti. Zr, Hf, Cr. Nb and Al. and Is e.g. 0.1 to 1 um thick, and a 
transparent ceramic layer as the second layer adjacent to the first layer, which is formed by a dry process 
40 such as physical vapor deposition or chemical vapor deposition and has a thickness of 0.05 to 5 jxm and a 
refractive index in the visible light region of at least 2.0. 

The excellent decorative property disclosed In the present Invention can be attained only by coating a 
transparent ceramic layer having a high refractive index on a metal substrate or a colored ceramic layer 
fomned as the first layer on a metal substrate, to greatly change the hue from the substance color of the 
45 metal substrate or colored ceramics. 

The defect of the conventional technique, that is, the change of the color according to the viewing 
angle, can be eliminated to the maximum extent in the present invention, because the refraction angle of 
light advancing into the transparent ceramics layer having a higher refractive index is large. 

Moreover, since the transparent ceramic layer has a high hardness, the metal sheet can be protected 
50 from external factors (for example, a shock to the coating by gravel when the coated sheet is used for a 
construction material), and therefore, excellent weatherability and abrasion resistance can be realized. 

As the metal substrate, there can be used stainless steel, titanium, copper, steel and aluminum, but 
substrates that can be used In the present invention are not limited to these metals. Especially when the 
coated sheet of the present invention is to be applied as a construction or automobile material, a ribbon- 
shaped or coil-shaped substrate having a large area (for example, 370 mm x 300 m) Is preferably used. 
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In the case where a colored ceramic layer is formed as the first layer on the metal substrate, the 
colored ceramic layer is formed of at least one member selected from the group consisting of nitrides, 
carbides and carbonltrides of at least one element selected from the group consisting of Tl. Zr, Hf, Cr, Nb 
and AL The thickness of the first layer Is preferably 0.1 to 1 um, because if the thickness is smaller than 0.1 
5 um. the degree of color obtained may not be sufficient, and since a sufficient color Is already obtained at a 
thickness of up to 1 um. the thickness need not be increased beyond 1 um. Moreover, if the thickness of 
the first layer is too large, reduction of adhesion between the first layer and the metal substrate may occur. 
It is especially preferable that the thickness of the first layer is 0.2 to 0.5 um. If the thickness is 0.2 um or 
more, a sufficient substance color can be obtained, and In view of the cost, it is preferred that the thickness 
70 not be greater than 0.5 um. 

The transparent ceramic layer is fomned of a transparent substance having a refractive index of at least 
2.0. Preferably, the transparent ceramics layer is formed of at least one member selected from the group 
consisting of oxides and nitrides of Ti. Zr, Hf. Th. V. Nb, Ta. W, Zn, Cd. Sn. Ba. Sb, Pb. Te and Ce, such as 
Ti02 . NbzOs and Zr02 

75 In the ceramics single layer-coated metal sheet of the present invention, the hue of the entire coated 
sheet is determined by the overlapping of the hue of the metal sheet as the substrate and the coloration by 
the interference effect of light in the transparent ceramics. 

In the ceramics multiple layer-coated metal sheet of the present invention, the hue of the entire coated 
sheet is determined by the hue of the colored ceramics layer as the first layer and the coloration by the 

20 interference effect of light in the transparent ceramics layer. 

In each case, the interference effect of light in the transparent ceramics layer causes a change of the 
hue. and the change of the hue by the interference effect is sharper as the refractive index of the substance 
of the transparent ceramic layer becomes higher. 

The effect of the refractive index on the change of the hue will now be described in detail. The basic 

25 hue of the metal sheet of the present invention Is determined according to the thickness of the topmost 
transparent ceramic layer. This is common to all transparent ceramic materials but the chroma, which is one 
element of the hue, that is, the sharpness, is greatly influenced by the refractive index. 

In the transparent ceramic ceramic-metal sheet of the present Invention, the majority of interference of 
reflected light occurs between the following two kinds of light among various reflected light originally 

30 incident on the surface of the coated metal sheet from air; namely, (1) light reflected from the surface of the 
transparent ceramic layer as the topmost layer and (2) light, not reflected from the topmost surface as light 
(1), but advancing, through the transparent ceramic layer, reflected from the surface of the metal substrate 
or colored ceramic layer located just below the topmost layer, advancing through the transparent ceramics 
layer again and going out into the air. The closer the intensities of these two reflected lights (1) and (2) are 

35 to each other, the larger is the quantity of this interference. 

In transparent ceramic ceramic-metal sheets, the intensity of reflected light (2) generally has an 
intensity several to ten or more times as high as the intensity of reflected light (1). Supposing that the 
refractive index of the transparent ceramic layer is n and the absorption coefficient is 0. the intensity 
(refiectance) of reflected light (1) is expressed by (n-1 )2/(n + 1 )2, and becomes higher with higher n. For 

40 example, the reflectance of SiOa (average refractive index 1.46) frequently used Is about 3.5%. and that of 
NbaOs (average refractive index 2.25) included within the scope of the present invention is about 15%. 

The influence of the refractive index of the transparent ceramics on the intensity of reflected light (2) is 
relatively small, and in each of the foregoing instances, the reflectance is scores of percent. Accordingly, in 
the case of conventional Si02 , the intensity of reflected light (1) is much smaller than that of reflected light 

45 (2), and therefore, the interference is small. In contrast, in case of NbaOs used in the present invention, 
since the intensities of reflected lights (1) and (2) are brought close to each other, a large interference effect 
Is caused. Generally, if the refractive index of the transparent , ceramics is at least 2.0. the intensity of 
reflected light (1) exceeds 10%, and a strong interference effect Is caused. 

As is seen from the foregoing description, If the refractive index of the transparent ceramics layer 

60 becomes large, the extent of the light interference increases. In the system where the hue is manifested by 
the interference effect as in case of a ceramics-coated metal sheet, the larger is the interference quantity, 
the larger (sharper) the chroma of the hue. Accordingly, in a metal sheet comprising a transparent ceramics 
film having a refractive index of at least 2.0 as the outemnost layer, a sharp hue having a high chroma can 
be obtained. 

55 The thickness of the transparent ceramics layer is preferably 0.05 to 5 um. Since the basic hue is 
determined according to this thickness, a thickness showing a desired hue can be selected within this 
range. If the thickness is smaller than 0.05 um, the change of the hue may be small and the metal 
substrate-protecting effect insufficient. If the thickness exceeds 5 um. the change of hue may be small and 
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the adhesion between the first and second layers reduced, so that good results may not be obtained. 

As the dry coating process, ion plating or sputtering Is preferable for fonming the colored ceramics 

coating. If the number of interfaces Increases as in the case of a multiple-layer coating, the adhesion 

becomes important, and a film having a good adhesion can be coated by ion plating. In order to improve 
5 the quality of the color of the colored ceramics, it Is necessary to strictly control the stoichiometric ratio of 

the metal such as Tl. Zr, Hf, Cr. Nb or Al to nitrogen or carbon, and by sputtering, a film having the 

stoichiometric ratio can be easily coated. 

Accordingly, when a ceramics-coated metal sheet having a colored ceramics layer Is formed, there is 

preferably adopted a method in which in order to Increase the adhesion to the metal substrate, the portion 
10 of the first layer close to the metal substrate Is coated by ion plating, and in order to strictly control the 

stoichiometric ratio of the metal to nitrogen or cartoon and obtain a high quality color, the portion of the first 

layer close to the second layer is coated by sputtering. 

As a conventional method for coating a metal oxide, there can be mentioned a method in which a metal 

alkoxide or chelate is dissolved in an alcohol solution and thermal decomposition is carried out. According 
15 to this coating method utilizing thermal decomposition, the weatherability Is Improved to some extent, but 

the formed film has a porous structure characteristic of the process and the weatherability is not sufficient. 

Moreover, control of the film thlcl<ness is difficult, and the production of an interference color by adjusting 

the film thickness is impossible. 

As other conventional methods there can be mentioned spraying method, roll coating method and spin 
20 coating method, but control of the film thickness is difficult in each of these methods. In view of the 

uniformity of the film thickness, the immersion draw-up method is preferable, but in this method, the 

thickness of the film is determined by the viscosity of the solution and the kind of the substrate, and control 

of the film thickness is difficult. 

According to the present invention, appropriate dry coating processes are selected according to the 
25 kinds of films to be prepared as pointed out above, and a coated metal sheet that cannot be obtained by 

the conventional techniques can be provided. 

For formation of the transparent ceramic coating, plasma CVD and sputtering are preferably used. The 

reason Is that according to plasma CVD, a dense coating film can be formed and since scattering of light Is 

not caused, an excellent Interference transparent film can be obtained. Simultaneously, corrosion of the 
30 metal substrate by micro defects, for example, by pitting, can be prevented and the weatherability can be 

drastically improved. Furthermore, the above dry process is preferred since it is necessary that the 

refractive index of the transparent ceramics layer should be sufficiently Increased and the stoichiometric 

ratio should be maintained between the metal element and oxygen or nitrogen. 

As compared with the transparent ceramics film fonmed by plasma CVD, the improvement of the 
35 weatherability is poor in the film fonmed by sputtering, but it Is still possible to Impart a high weatherability. 

and the stoichiometric ratio is more easily controlled in the case of sputtering. Moreover, sputtering is 

advantageous in that coating can be easily accomplished without using harmful substances such as silane, 

which is used as the starting gas in plasma CVD. 

In the case where the colored ceramic is coated by ion plating or sputtering and the transparent 
40 ceramics is coated by plasma CVD or sputtering, it is preferred that the first and second layers be 

continuously formed In one chamber. If vacuum is removed after formation of the first layer and the second 

layer is formed after the sample Is taken out in the open air, gas components in the air. especially oxygen 

gas and water, are left between the first and second layers, and hence the interface between the first and 

second layers is broken and the adhesion is reduced. Furthermore, if the first and second layers are formed 
45 in separate chambers, since the temperature of the substrate is elevated and dropped, internal stress is 

produced in the fiim and increase and reduction of the internal stress are repeated. Accordingly, cracks are 

readily formed In the coating layer and reduction of the adhesion between the metal substrate and the first 

layer is caused. 

50 

Example 1 

By using continuous coating equipment in which a cleaning mechanism, an ion plating apparatus, a 
sputtering apparatus and a plasma CVD apparatus were arranged In series between a coil unwinding 
55 mechanism and a coil winding mechanism, TIN having a thickness of 0,6 urn as the first layer and NbaOs 
having a thickness of 0.121 um as the second layer were continuously laminated by ion plating and 
sputtering, respectively, on colled ferrite type stainless steel having a width of 370 mm, a length of 300 m 
and a thickness of 0.5 mm. 
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When the refractive index of the second layer was measured by ellipsometry and varied angle 
reflectometry, it was found that the average refractive index was 2.25. Prior to the laminating operation, the 
substrate was subjected to ion bombardment with argon gas as the undercoat treatment in a cleaning room. 
The hue of the two-layer film was a much sharper yellow color different from the gold color of TIN. The 
5 film thickness of Nb205 was changed In the above-mentioned combination while fixing the TIN film 
thickness to 0.6 um. The observed difference of the hue is summarized in Table 1. The hue was measured 
and calculated according to the L*a*b* color coordinate system by using a commercially available colorim- 
eter. 

For comparison, the change of the hue observed in the Si02/TiN two-layer film is shown in Table 1. The 
70 refractive index of SiC>2 in the visible region was about 1.46. When this comparative sample Is compared 
with the example comprising NbaOs , it Is seen that the change of the hue is small with that of TIN being as 
the center in the comparative sample. 

When a single layer of TIN was formed on the stainless steel, in the weatherability test, the 
weatherability was almost the same as the weatherability of the surface of the stainless steel. In contrast, in 
15 the case where NbaOs was coated on TtN in the above-mentioned manner, the rust-preventive life was 
more than 4 times as long as that of the surface of the stainless steel. 

When the surface hardness was measured by a micro hardness meter comprising a triangular indenter 
for evaluating the scratch resistance of the surface, it was found that the surface hardness of the sample 
obtained in this example was 1000 kg/mm^ while the surface hardness of the uncoated substrate was 270 
20 kg/mm^, and It was confirmed that the hardness was considerably increased. 



Example 2 

25 By using continuous coating equipment in which a cleaning mechanism, an ion plating apparatus, a 
sputtering apparatus and a plasma CVD apparatus were arranged in series between a coil unwinding 
mechanism and a coil winding mechanism, TIN having a thickness of 0.6 um as the first layer and Ti02 
having a thickness of 0.091 um as the second layer were continuously laminated by Ion plating and 
sputtering, respectively, on coiled ferrite type stainless steel having a width of 370 um, a length of 300 m 

30 and a thickness of 0.5 mm. 

When the refractive Index of the second layer was measured by ellipsometry and varied angle 
reflectometry, it was found that the average refractive index was 2.90. Prior to the laminating operation, the 
substrate was subjected to ion bombardment with argon gas as the undercoat treatment in a cleaning room. 
The hue of the two-layer film was a much sharper yellow color different from the gold color of TIN. The 

35 film thickness of TIO2 was changed In the above-mentioned combination while fixing the TIN film thickness 
to 0.8 um. The observed difference of the hue is summarized in Table 2. The hue was measured and 
calculated according to the L*aV color coordinate system by using a commercially available colorimeter. 

When a single layer of TiN was formed on the stainless steel, in the weatherability test, the 
weatherability was almost the same as the weatherability of the surface of the stainless steel. In contrast, in 

40 the case where TiOg was coated on TiN in the above-mentioned manner, the rust-preventive life as more 
than 5 times as long as that of the surface of the stainless steel. 

When the surface hardness was measured by a micro hardness meter comprising a triangular indenter 
for evaluating the scratch resistance of the surface, It was found that the surface hardness of the sample 
obtained in this example was 1200 kg/mm^ while the surface hardness of the uncoated substi'ate was 270 

45 kg/mm^, and it was confirmed that the hardness was considerably increased. 



Example 3 

50 TiC having a thickness of 0.5 um as the first layer and T1O2 having a thickness of 0.2 um as the 
second layer were laminated by ion plating and sputtering, respectively, on a coiled ferrite type stainless 
steel having a tiiickness of 0.5 mm. The obtained hue was a gentie dark green color. The film thickness of 
TIO2 was changed while fixing the film thickness of TiC to 0.5 um in tiie above-mentioned combination, and 
the change of the hue was examined. Also in this example, a delicate change of the color was clearly 

55 manifested. 

In the case where a single layer of TiC was formed, in the weatherability test, the weatherability was 
extremely poor and the rust-preventive life was about 1/2 of that of tiie stainless steel surface. If Ti02 was 
further coated on TiC, the rust-preventive life was improved and the weatherability was comparable to that 
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of the surface of the stainless steel. 



Example 4 

5 

HfN having a thickness of 0.8 urn as the first layer and Zr02 having a thickness of 0.1 um as the 
second layer were continuously laminated by ion plating or sputtering, respectively, on a coiled femte type 
stainless steel having a thickness of 0.5 um. When the refractive Index of the second layer was measured 
by ellipsometry and varied angle reflectometry, It was found that the average refractive index was 2.75. The 

70 hue of the obtained two-layer film was a much sharper yellow color different from the gold color of HfN. 

In the above-mentioned combination, the thickness of ZrOz was changed while fixing the thickness of 
HfN to 0.8 um. The observed difference of the color is summarized in Table 3. The hue was measured and 
calculated according to the L*a*b* color coordinate system by using a commercially available colorimeter. As 
is seen from Table 3. the tendency of the change of the color in the combination of ZrOa/HfN was 

15 substantially the same as the tendency obsen/ed in the combination of ZrOa/HfN. 

Table 1 



Hue of Nb205/TiN Two-Layer Rim and Rim Thickness 


present 


NbaOs (A) 


TiN (A) 


L* 


a" 


b' 


Apparent color (reference) 


Invention 


1210 


about 6000 


57.3 


-1.4 


77.3 


sharp yellow 




1520 


about 6000 


62.2 


0.5 


58.9 


bright yellow 




2740 


about 6000 


63.1 


65.2 


47.8 


bright reddish orange 




4240 


about 6000 


63.5 


7.4 


61.1 


dense yellow 




7980 


about 6000 


61.1 


-16.3 


47.5 


sharp yellowish green 


comparison 


0 


about 6000 


65.8 


0.5 


27.4 


light gold (TIN) 




SIO2 (A) 


TiN (A) 


ir' 


a* 


b* 






1250 


about 6000 


64.9 


-5.6 


28.9 


greenish yellow 




2040 


about 6000 


62.2 


8.0 


18.8 


orange 



35 

RIm-FormIng Conditions 

TiN: evaporation of Ti and simultaneous introduction of Ar + N2 (reactive Ion plating) 
Nb205: introduction of Ar + O2 to Nb target (reactive sputtering) 
40 SiOa: Introduction of Ar to quartz glass target (ordinary sputtering) 
substrate: SUS 430BA sheet (not heated) 

Table 2 



Hue of Ti02/TiN Two-Layer Film and Film Thickness 



present 


Ti02 (A) 


TiN (A) 


L* 


a* 


b* 


Apparent color (reference) 


invention 


910 


about 6000 


58.6 


-1.0 


78.4 


sharp yellow 




1250 


about 6000 


62.0 


0.8 


56.9 


bright yellow 




2040 


about 6000 


61.2 


45.2 


37.8 


bright reddish orange 




3000 


about 6000 


63.6 


7.2 


63.0 


dense yellow 




5970 


about 6000 


61.1 


-21.3 


37.5 


sharp yellowish green 


comparison 


0 


about 6000 


65.8 


0,5 


27.4 


light gold (TiN) 



55 
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Rim-Forming Conditions 

TIN: evaporation of Ti and simultaneous Introduction of Ar + N2 (reactive ion plating) 
Ti02: Introduction of Ar + O2 to TI target (reactive sputtering) 
5 substrate: SUS 430BA sheet (not heated) 

Table 3 



Hue of ZrOa/HfN Two-Layer Rim and RIm Thickness 


present 


ZrOa (A) 


HfN (A) 




a" 


b" 


Apparent color (reference) 


invention 


1060 


about 8000 


63.6 


-1.4 


77.0 


sharp yellow 




1450 


about 8000 


69.5 


0.3 


38.7 


bright yellow 




2360 


about 8000 


55.2 


31.6 


18.1 


reddish orange 




3490 


about 8000 


61.7 


0.0 


62.1 


dense yellow 




6930 


about 8000 


58.9 


-15.4 


38.1 


yellowish green 


comparison 


0 


about 8000 


62.3 


2.1 


32.4 


light gold (HfN) 
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Claims 

25 1 . A ceramic single layer-coated metal sheet which comprises a metal sheet substrate and a transparent 
ceramic layer fonned on the metal sheet substrate by a dry process (e.g. physical vapor deposition or 
chemical vapor deposition), said transparent ceramic layer having a thickness of 0.05 to 5 urn and a 
refractive index in the visible light region of at least 2.0. 

2. A ceramic multiple layer-coated metal sheet which comprises a metal sheet substrate, a colored ceramic 
30 first layer (preferably 0.1 to 1 um thick) on and adjacent to the substrate and formed of at least one material 
selected from the nitrides, carbides and carbonitrides of Ti, Zr, Hf. Or. Nb and Al, and a transparent ceramic 
second layer on and adjacent to the first layer and formed by a dry process (e.g. physical vapor deposition 
or chemical vapor deposition), the second layer having a thickness of 0.05 to 5 um and a refractive index in 
the visible light region of at least 2.0. 
35 3. A sheet according to claim 2 wherein said first layer is a layer deposited by ion plating and said second 
layer is a layer deposited by sputtering. 

4. A sheet according to any of claims 1 to 3 wherein said metal sheet is a ribbon rolled in the form of a coil. 

5. A sheet according to any preceding claim wherein said transparent ceramic layer is made of at least one 
material selected from the oxides and nitrides of Ti. Zr, Hf, Th. V, Nb, Ta. W, Zn, Cd. Sn. Ba, Sb, Pb. Te 

40 and Ce. 

6. A sheet according to claim 5 wherein said transparent ceramic layer Is made of material selected from 
TiOa, NbaOs and Zr02. 
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